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(57) ABSTRACT 
A channel estimation method in a wireleSS communication 
System based on multicarrier-code division multiple access 
(MC-CDMA) using frequency interleaving. A transmitter 
generates transmission symbols using a pilot signal (P) and 
an inverted pilot signal (-P) according to Subcarriers on 
which spread Symbols generated from a spectrum spreading 
operation are sent, performs an interleaving operation for the 
transmission Symbols in a frequency domain, and transmits 
a result of the interleaving operation. A receiver extracts the 
pilot signal (P) and inverted pilot signal (-P) included in the 
transmission Symbols and performs channel estimation. 
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PILOT-BASED CHANNEL ESTIMATION METHOD 
FOR MC-CDMA SYSTEM USING FREQUENCY 

INTERLEAVING 

PRIORITY 

0001. This application claims priority to an application 
entitled “PILOT-BASED CHANNEL ESTIMATION 
METHOD FOR MC-CDMA SYSTEM USING FRE 
QUENCY INTERLEAVING”, filed in the Korean Intellec 
tual Property Office on Jan. 16, 2004 and assigned Serial No. 
2004-3459, the contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a mobile commu 
nication System, and more particularly to a pilot-based 
channel estimation method for a multicarrier-code division 
multiple access (MC-CDMA) system using frequency inter 
leaving. 

0004 2. Description of the Related Art 
0005 High-speed, high-quality data transmission is 
required to Support multimedia Services of improved quality 
in the next generation mobile communication. Recently, 
research on multicarrier-code division multiple access (MC 
CDMA) as a technique for Satisfying this requirement is 
being conducted. 
0006. The MC-CDMA is based on an orthogonal fre 
quency division multiplexing (OFDM) technique and a code 
division multiple access (CDMA) technique. The OFDM 
reduces performance degradation due to a frequency Selec 
tive fading channel at the time of wideband transmission by 
transmitting data on narrowband Subcarriers that are 
orthogonal to one another. Moreover, the OFDM can address 
a problem of inter-symbol interference (ISI) due to multi 
path fading by means of guard interval insertion. 
0007 Because the CDMA technique discriminates 
between users based on the Orthogonal spreading codes, it 
has an advantage in View of System capabilities as compared 
with a frequency division multiple access (FDMA) or a time 
division multiple access (TDMA) technique. 
0008 FIG. 1A is a block diagram illustrating a transmit 
ter of the conventional MC-CDMA system. The transmitter 
10 of the conventional MC-CDMA system includes a spec 
trum spreader 13 for multiplying a data Symbol S, output 
from a data Source 11, by a spreading code C, an inverse fast 
Fourier transform (IFFT) processor 15 for performing an 
IFFT operation for spread symbols output from the spectrum 
spreader 13; and a cyclic prefix (CP) inserter 17 for inserting 
a guard interval represented by a CP between orthogonal 
frequency division multiplexing (OFDM) symbols outputted 
from the IFFT processor 15. 
0009 FIG. 1B is an example of transmission signals in 
the system shown in FIG. 1A where the number of Subcar 
riers is 8, a spreading factor is 4 and the number of Symbols 
is 2. In FIG. 1B, it can be seen that two transmission 
Symbols are spread by spreading codes in a frequency 
domain. 

0010. On the other hand, an MC-CDMA system using 
frequency interleaving (FI) can achieve excellent perfor 
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mance as compared with the conventional MC-CDMA sys 
tem because the MC-CDMA system using FI can acquire 
frequency diversity by transmitting spread signals through 
equivalently Spaced Subcarriers. 
0011 FIG. 2A is a block diagram illustrating a transmit 
ter of the MC-CDMA system using the FI. When the 
transmitter 20 of the MC-CDMA system using the FI shown 
in FIG. 2A is compared with the transmitter 10 of the 
MC-CDMA system shown in FIG. 1A, it can be seen that 
the transmitter 20 of the MC-CDMA system using the FI 
further includes a frequency interleaver 14 for performing an 
interleaving operation before the IFFT operation is per 
formed. 

0012 FIG. 2B is an example of transmission signals in 
the MC-CDMA system using the FI shown in FIG. 2A 
where the number of Subcarriers is 8 and a spreading factor 
is 4. In FIG. 2B, it can be seen that transmission signals are 
Spread while maintaining orthogonality between the Signals 
in a frequency domain and the Spread transmission signals 
are Sent through the Subcarriers. 
0013 However, where a pilot-based channel estimation 
method is applied to the MC-CDMA system using the FI, 
pilot Symbols are also interleaved and only a channel 
estimation value corresponding to a mean value between 
independent channels is acquired, Such that channel estima 
tion cannot be appropriately carried out. 

SUMMARY OF THE INVENTION 

0014. Therefore, the present invention has been devel 
oped in view of the above problems, and it is one object of 
the present invention to provide a pilot channel-based chan 
nel estimation method for a multicarrier-code division mul 
tiple access (MC-CDMA) system using frequency interleav 
Ing. 

0015. It is another object of the present invention to 
provide a channel estimation method that does not need to 
vary a pilot transmission pattern according to channel envi 
ronment variation by applying pilot channel-based channel 
estimation to a multicarrier-code division multiple acceSS 
(MC-CDMA) system using frequency interleaving. 
0016. It is yet another object of the present invention to 
provide a channel estimation method capable of reducing a 
transmission rate loSS caused by a pilot Subcarrier by reduc 
ing a fading correlation between parallel Sequences through 
frequency interleaving and Simultaneously inserting a pilot 
Signal between data Symbols. 
0017. In accordance with one aspect of the present inven 
tion, the above and other objects can be accomplished by the 
provision of a channel estimation method in a wireleSS 
communication System based on a multicarrier-code divi 
sion multiple access (MC-CDMA) system, comprising the 
Steps of: generating and transmitting by a transmitter trans 
mission Symbols using a pilot signal (P) and an inverted pilot 
Signal (-P) according to Subcarriers on which spread Sym 
bols generated from a spectrum spreading operation are Sent; 
and channel estimating in a receiver using the pilot signal (P) 
and the inverted pilot signal (-P) included in the transmis 
Sion Symbols. 
0018. In accordance with another aspect of the present 
invention, the above and other objects can be accomplished 
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by the provision of a pilot transmitting method in a wireleSS 
communication System based on a multicarrier-code divi 
sion multiple access (MC-CDMA) system, the system chan 
nel estimating using at least one pilot signal, the pilot 
transmitting method comprising the Steps of encoding at 
least two data Symbols input for consecutive Symbol dura 
tions and generating the two encoded Symbols, generating 
Spread Symbols by multiplying the two encoded Symbols by 
a spreading code; and generating and transmitting transmis 
Sion symbols using a pilot signal (P) and an inverted pilot 
Signal (-P) according to Subcarriers on which the spread 
Symbols are Sent. 

0019. In accordance with yet another aspect of the 
present invention, the above and other objects can be accom 
plished by the provision of a channel estimation method in 
a wireleSS communication System based on a multicarrier 
code division multiple access (MC-CDMA) system using 
frequency interleaving, comprising the Steps of generating 
transmission Symbols using a pilot signal (P) and an inverted 
pilot signal (-P) according to Subcarriers on which spread 
Symbols generated from a spectrum spreading operation are 
Sent; interleaving the transmission Symbols in a frequency 
domain and transmitting a result of the interleaving opera 
tion; and extracting at a receiver the pilot signal (P) included 
in the transmission Symbols and to carry out channel esti 
mation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The above and other objects, features and advan 
tages of the present invention will be more clearly under 
stood from the following detailed description taken in con 
junction with the accompanying drawings, in which: 

0021 FIG. 1A is a block diagram illustrating a transmit 
ter of a conventional multicarrier-code division multiple 
access (MC-CDMA) system; 
0022 FIG. 1B is an example of transmission signals in 
the system shown in FIG. 1A; 
0023 FIG. 2A is a block diagram illustrating a transmit 
ter of the MC-CDMA system using the FI; 

0024 FIG. 2B is an example of transmission signals in 
the MC-CDMA system using the FI shown in FIG. 2A; 

0.025 FIG. 3A is a block diagram illustrating a transmit 
ter of a multicarrier-code division multiple access (MC 
CDMA) system using frequency interleaving (FI) to which 
a channel estimation method is applied in accordance with 
a preferred embodiment of the present invention; 

0.026 FIG. 3B is an example of transmission signals in 
the system shown in FIG. 3A; 

0.027 FIG. 4A is a diagram illustrating an averaging 
proceSS for channels estimated by the channel estimation 
method in accordance with a preferred embodiment of the 
present invention; 

0028 FIG. 4B is a diagram illustrating a process for 
removing a pilot signal from a received signal; 

0029 FIG. 5 is a diagram illustrating a process for 
despreading a received signal by a spreading code and 
detecting a transmission signal; 
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0030 FIG. 6 is a graph illustrating performance com 
parison between the channel estimation method of the 
present invention and the conventional channel estimation 
method depending upon a bit error rate (BER) based on a 
mobile velocity; and 
0031 FIG. 7 is a graph illustrating performance com 
parison between the channel estimation method of the 
present invention and the conventional channel estimation 
method depending upon an average BER in a State in which 
a value of Eb/No, a speed and the number of multipaths are 
g|Ven. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0032. Now, a channel estimation method in accordance 
with preferred embodiments of the present invention will be 
described in detail with reference to the annexed drawings. 
0033 FIG. 3A is a block diagram illustrating a transmit 
ter of a multicarrier-code division multiple access (MC 
CDMA) system using frequency interleaving (FI) in accor 
dance with a preferred embodiment of the present invention. 

0034). In FIG. 3A, the transmitter 30 of the MC-CDMA 
System includes a data Source 31; a Symbol encoder 32 for 
Symbol encoding a data Symbol S output from the data 
Source 31; a spectrum Spreader 33 for multiplying a result of 
the encoding operation from the Symbol encoder 32 by a 
spreading code C; a frequency interleaver 34 for frequency 
interleaving spread Symbols output from the Spectrum 
spreader 33; an inverse fast Fourier transform (IFFT) pro 
cessor 35 for IFFT transforming the interleaved spread 
symbols; and a cyclic prefix (CP) inserter 37 for inserting a 
guard interval represented by a CP between orthogonal 
frequency division multiplexing (OFDM) symbols from the 
IFFT processor 35. 

0035 FIG. 3B shows an example of transmission signals 
in the system shown in FIG. 3A where the number of 
Subcarriers is 8 and a spreading factor is 4. The transmission 
signals shown in FIG. 3B are similar to transmission signals 
of the MC-CDMA system using frequency interleaving. 
However, it can be seen that the transmission signals shown 
in FIG. 3B have undergone a symbol encoding operation. 
0036) The signals inputted into the IFFT processor 35 
after symbol encoding in FIG. 3A can be expressed as the 
following Table 1. 

TABLE 1. 

Subcarrier Plot User a Userb 

1. P (a - a) * 1 (b - b.) * 1 
2 P (a - a) * 1 (b - bi) * 1 
3 P (a + a) * 1 (b + b ) * -1 
4 -P (a + a) * 1 (b. + bi) * -1 
5 P (a - a) * -1 (b - b.) * 1 
6 P (a - a) * -1 (b - bi) * 1 
7 P (a + a) * -1 (b + b ) * -1 
8 -P (a + a) * -1 (b. + bi) * -1 

0037. In the above Table 1, there is shown an example of 
two transmission Signals where the number of users is 2, the 
total number of subcarriers (Nc) is 8, a spreading factor (SF) 
is 4, and the number of transmission symbols (M) is 2. 
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0038. In the above Table 1, “a” denotes the i-th trans 
mission symbol of the user a and “b,” denotes the I-th 
transmission Symbol of the user b. Moreover, a spreading 
code {1, 1, -1, -1} is assigned to the user a, and a spreading 
code {1, -1, 1, -1} is assigned to the user b. “P” denotes a 
pilot Signal. AS described above, the encoded transmission 
signals are converted into OFDM symbols by the IFFT 
processor 35 after the frequency interleaver 34 performs its 
a frequency interleaving. After a guard interval is inserted 
between the OFDM symbols, a result of the insertion is 
transmitted through a radio channel. 
0039. Upon receiving the OFDM symbols transmitted as 
described above, a receiver (not shown) estimates channels 
using two consecutive Subcarriers. A pilot Signal is produced 
from Signals received through Subcarriers 1 and 2 and 
Signals received through Subcarriers 5 and 6 by means of a 
Summing operation. On the other hand, a pilot Signal is 
produced from Signals received through Subcarriers 3 and 4 
and Signals received through Subcarriers 7 and 8 by means 
of a Subtraction operation. Channel responses in two con 
secutive Subcarriers are the same as each other and are 
denoted by H. 
0040. Where the Summing operation is carried out for a 
Signal "H*(P+a-a+b-ba) received through the Subcar 
rier 1 or 5 and a signal “H*(P+a-a+b-b)" received 
through the subcarrier 2 or 6 as shown in the following 
Equation (1), user Signals are removed and hence only 
“H*2P" remains. 

0041. On the other hand, where the subtraction operation 
is carried out for a signal "H*(P+a+a+b+b)' received 
through the Subcarrier 3 or 7 and a signal "H*(-P+a+a+ 
b+b)” received through the Subcarrier 4 or 8 as shown in 
the following Equation (2), user Signals are removed and 
hence only “H2P remains. 

0042. The channel response H can be estimated by 
dividing a value H2P produced by the above Equations (1) 
and (2) by 2P. 
0043. In order for the effect of noise to be reduced, an 
averaging operation is performed for values of the estimated 
channel responses as shown in FIG. 4A, such that the 
reliability of channel estimation is improved. A process for 
removing a pilot Signal is performed So that the effect of an 
interference component can be avoided when a transmission 
signal is detected as shown in FIG. 4B. 
0044 FIG. 5 is a diagram illustrating a transmission 
Signal detection process after the channel estimation is 
performed. The 1" symbola of the user a is detected when 
the signals received through the subcarriers 1, 3, 5 and 7 are 
despread by a spreading signal {1, 1, -1, -1}. Moreover, the 
2" symbola of the user a is detected when the signals 
received through the Subcarriers 2, 4, 6 and 8 are despread 
by the spreading signal {1, 1, -1, -1}. 
0045 Because information of the 1" symbol a is 
included in the Subcarriers 2, 4, 6 and 8, the 1symbola of 
the user a can be produced when the Signals received 
through the Subcarriers 2, 4, 6 and 8 are despread by a 
corrected spreading signal {-1, 1, 1, -1}. Actually, a 
despreading operation can be performed in a range twice as 

Aug. 25, 2005 

large as a spreading factor (SF) used by the transmitter. The 
corrected spreading Signal can be acquired by performing an 
inversion operation for odd place values in an original 
Spreading Signal. The transmission Signals of the uSerb can 
be detected using the method for detecting the transmission 
Signals of the user a. 
0046 FIG. 6 is a graph illustrating bit error rates (BERs) 
based on a mobile Velocity of a mobile terminal in a channel 
estimation mechanism of the present invention and conven 
tional channel estimation mechanisms where one user uses 
a maximum ratio combining (MRC) mechanism in a Ray 
leigh fading channel environment having four multipaths. 
0047 Parameters used in the performance comparison 
experimentation according to the mobile Velocity variation 
of the mobile terminal are shown in the following Table 2. 

TABLE 2 

Parameter Value 

Number of subcarriers (Nc) 1024 
Spreading factor (SF) 16 
Modulation scheme OPSK 
Number of users 1, 7 
Channel environment 
Combing mechanism 

Rayleigh fading channel 
MRC, MMSEC 

0048. In FIG. 6, “Perfect Ch. info.” denotes a BER when 
it is assumed that a receiver recognizes correct channel State 
information. “DoCoMo' denotes a BER when a channel 
estimation mechanism is applied on the basis of a Subcarrier 
transmitting only a pilot Signal in a total frequency band 
during a conventional pilot packet interval. "Pilot carrier' 
denotes a BER when the conventional channel estimation 
mechanism based on a general pilot Subcarrier is applied. 
“Proposed Ch. esti.” denotes a BER when a channel esti 
mation mechanism of the present invention is applied. In 
FIG. 6, “df” and “dt' denote the pilot spacing in the 
frequency domain and the pilot interval in the time domain, 
respectively. 

0049. As shown in FIG. 6, it can be seen that channel 
performance is degraded in a fast Doppler environment as 
the mechanism associated with “DoCoMo' averages pilot 
Signals transmitted for a plurality of intervals to estimate 
channel State information. Similarly, it can be seen that 
channel performance is degraded in the fast Doppler envi 
ronment if the mechanism associated with "Pilot carrier' 
cannot maintain a proper pilot pattern based on a coherence 
time and a coherence frequency, or in an environment 
having an increased number of multi-paths. On the other 
hand, it can be seen that the channel estimation mechanism 
associated with “Proposed Ch. esti.” in accordance with the 
present invention can carry out a correct channel estimation 
operation without varying a pilot pattern, irrespective of 
channel environment variation. 

0050 FIG. 7 is a graph illustrating a mean bit error rate 
(BER) based on Eb/No where 7 users use a minimum mean 
square error combining (MMSEC) mechanism in the Ray 
leigh fading channel environment having 25 multipaths and 
a mobile velocity of 3 km/h. 
0051. The channel estimation mechanism of the present 
invention and the mechanism associated with "DoCoMo' 
have Similar performance where the correct channel State 
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information is recognized. However, where a pilot pattern is 
out of a coherence frequency range, it can be seen that the 
performance of the mechanism associated with “Pilot car 
rier is degraded. 

0.052 AS described above, the channel estimation method 
based on a pilot channel in accordance with the present 
invention performs a more accurate channel estimation 
operation in the MC-CDMA system using frequency inter 
leaving. 

0053. The pilot channel estimation method in accordance 
with the present invention does not need to vary a pattern 
according to a coherence bandwidth and coherence time, and 
can perform a reliable channel estimation operation because 
a trade off relationship between channel estimation correc 
tion and transmission rate loSS is not present. 
0.054 The channel estimation method in accordance with 
the present invention can perform a channel estimation 
operation on a symbol-by-symbol basis, and can finely 
estimate a frequency domain's channel as a basic unit of two 
Subcarriers. 

0.055 Moreover, the channel estimation method in accor 
dance with the present invention can be applied to an 
MC-CDMA System using frequency interleaving and an 
MC-CDMA system without frequency interleaving through 
a modification of the present invention. 
0056 Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art will appreciate that various modifi 
cations, additions and Substitutions are possible, without 
departing from the Scope of the invention. 

What is claimed is: 
1. A channel estimation method in a wireleSS communi 

cation System based on multicarrier-code division multiple 
access (MC-CDMA), comprising the steps of: 

transmitting, at a transmitter, a plurality of transmission 
Symbols generated by multiplying spectrum spread 
Symbols by a pilot signal (P) and an inverse pilot signal 
(-P) according to Subcarriers on which the spread 
Symbols are to be carried; and 

estimating, at a receiver, channels using the pilot Signal 
(P) and the inverse pilot signal (-P) included in the 
transmission Symbols. 

2. The channel estimation method of claim 1, wherein 
transmitting the transmission Symbols, comprises the Steps 
of: 

generating coded Symbols by encoding at least two data 
Symbols, and 

generating the spread Symbols by multiplying the coded 
Symbols by a spreading code. 

3. The channel estimation method of claim 2, wherein the 
transmission Symbols are designed in Such a manner that a 
value obtained by Summing or Subtracting two transmission 
Symbols, to be transmitted on two contiguous Subcarriers, is 
equal to twice the pilot Signal. 

4. The channel estimation method of claim 1, wherein 
estimating channels, comprises the Steps of: 
Summing Signals received through two contiguous Sub 

carriers, and 
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dividing the Summing result by a value twice as great as 
the pilot Signal. 

5. The channel estimation method of claim 1, wherein 
estimating the channels comprises the Steps of: 

Subtracting Signals received through two contiguous Sub 
carriers, and 

dividing a result of the subtraction by a value (2P) twice 
as great as the pilot signal. 

6. The channel estimation method according to claim 1, 
further comprising the Step of interleaving the transmission 
Symbols in a frequency domain. 

7. A method for transmitting pilot Signals used for channel 
estimation in a wireleSS communication System based on 
multicarrier-code division multiple access (MC-CDMA), 
the method comprising the Steps of 

generating two coded Symbols by encoding at least two 
data Symbols consecutively input; 

generating Spread Symbols by multiplying the two coded 
Symbols by a spreading code; and 

generating transmission Symbols by multiplying a pilot 
Signal (P) and an inverse pilot signal (-P) according to 
Subcarriers on which the Spread Symbols are to be 
carried. 

8. The method of claim 7, wherein generating the coded 
Symbols comprises the Steps of: 

generating a first coded symbol by Subtracting a first data 
Symbol and a Second data Symbol; 

generating a Second coded Symbol by adding the first and 
Second data Symbols. 

9. The method of claim 8, wherein the spread symbols are 
generated by multiplying each of the first and Second coded 
Symbols by four chips of a spreading code assigned to a 
Specific user. 

10. The method of claim 9, wherein the spread symbols 
are interleaved in a frequency domain. 

11. The method of claim 10, wherein the transmission 
Symbols are designed Such that a value obtained by Sum 
ming or Subtracting two transmission Symbols, to be trans 
mitted on two contiguous Subcarrier, is equal to twice the 
pilot signal. 

12. A channel estimation method in a wireleSS commu 
nication System based on multicarrier-code division multiple 
access (MC-CDMA) adopting frequency interleaving, com 
prising the Steps of 

generating, at a transmitter, transmission Symbols by 
multiplying Spectrum spread Symbols by a pilot Signal 
(P) and an inverse pilot signal (-P) according to Sub 
carriers on which the spread Symbols are to be carried; 

interleaving the transmission Signals, 
transmitting the transmission Signals after interleaving, 

and 

estimating, at a receiver, channels using the pilot Signal 
(P) and the inverse pilot signal (-P) extracted from the 
transmission signals. 

13. The channel estimation method of claim 12, wherein 
generating the transmission Symbols comprises the Steps of: 

generating coded Symbols by encoding at least two data 
Symbols, and 
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generating the spread Symbols by multiplying the coded 15. The channel estimation method of claim 14, wherein 
Symbols by a user-specific spreading code. estimating the channels comprises the Steps of: 

14. The channel estimation method of claim 13, wherein adding or Subtracting Signals received through a pair of 
- - - Subcarriers; and interleaving the transmission signal is performed Such that a s 

value obtained by Summing or Subtracting two transmission dividing a result of the addition or subtraction by a value 
Symbols to be transmitted on two contiguous Subcarriers is twice the pilot Signal. 
equal to twice the pilot Signal. k . . . . 


